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Patent ZL 03109426.0 Awarded by the Republic of China State 
Intellectual Property Office 

Summary 

The invention involves a kind of sperm sorting and embryo sex identification as the basis 
for sex control in livestock. It includes sperm separation and freezing preservation 
techniques, production of sexed embryos and identification of gender. It also includes 
collection of "fresh" ejaculate, preparation of samples before undergoing separation, 
handling of the separation and freezing procedures. In addition, it includes production of 
sexed embryos (in vivo or in vitro), identification of genders, cutting/slicing of embryos 
and PCR method for sex identification of embryo. 

The invention has the following merit/advantages: 

a) Accuracy of sex separation of 90%. 

b) Sperm motility is >50% 

c) Accuracy of sex determination technique is 100%. 
Intellectual Property Rights 

The invention involves a kind of sperm sorting and embryo sex identification as the basis 
for sex control in livestock, with uniqueness lying in the following steps: 

1) Sperm separation and freezing preservation : 

a) Obtain 1 ml of fresh sperm from livestock. 

b) Use phosphoric acid buffer PBS-0.05% PVP centrifuge, 2,000 rotations for 5 
minutes and wash twice. 

c) Use above mentioned buffer to adjust density to 100xl0 6 /ml, then put the fluid in 
a cell separation equipment, using 3,000 sperms/sec speed to commence 
separation. Upon collection of the separated X and Y sperms, approximately 2- 
2.5 M sperms are put into each 0.25 ml straw which are then frozen. The straws 
are frozen in liquid nitrogen. 1 ml of fresh ejaculate can produce 10-15 straws 
each of X and Y sperms. 

d) To produce the sexed embryos, use the separated sperms and 200 ova to undergo 
in vivo fertilization to produce 25-30 sexed embryos of A-B quality, the embryos 
are then frozen for embryo transplant. 



2) Identification of gender of sexed embryos 

a) Use the above mentioned embryos. 

b) Cut/slice open the embryo cell, obtain the thawed embryo, using the phosphoric 
acid buffer, add 0.25% protease for 2-3 minutes to soften the transparent cover of 
the embryo, followed by 0.3% of blood serum protein solution, handling 20-40 
embryos each time. 

c) Under the microscope, use metal or glass blade to cut off 10-15 embryo 
nutrition/nourishment cells and assign parallel serial numbers to the cells that 
were cut off, the main section of the embryo and the "internal" embryo cells. Put 
the main section of the embryo into a preserving liquid TCM 1 19-10%FBS and 
maintain it in a CO2 unit for 2-4 hrs. 

d) Using a in vitro DNA PCR technique to determine gender, put sliced embryo cells 
into a 10 "pure" water micro liter container, rinsing very quickly in water 3 times, 
handling it in a 100 deg. C bath for 10 minutes. Put 1 micro liter into the PCR, 
using BOV97 as male probe, using a-milk protein as female specimen probe as 
the composition of PCR responding liquid; 200 micro units of nucleic acid, 40 
micro units each of male and female specimen probe plate, with 1.25 international 
units of DNA polymerization, using water to adjust PCR buffer to 50 micro liters. 

PCR operating conditions are: 95 deg. C for 1 min., 55 deg. C for 2 min. and 72 
deg. C for 3 min., repeat above method 40 times. The sample is then subjected to 
3% "sugar liquid" and electrical pulse for 20 min. The male embryo will have 
157bp and 109bp twin zones (peaks) and the female as only 109bp zone. The no 
zone samples are errors to be discarded. 

The basis for the sperm separation, embryo sex identification is the fluorescent 
dye Hoechst 33342. 



The Use of Sperm Sorting and Embryo Sex Identification as the Basis 
for Sex Control in Livestock 



Description of Technology 

This invention is a sex control method using sperm sorting and embryo sex identification 
as the basis of sex control in livestock. 

Historical / Background Technology 

The sex of mammals are determined by X or Y sperms during the fertilization process. X 
sperm and ovum will produce a female and the Y sperm will produce a male. Under the 
normal conception process, the amount of X sperms and Y sperms are more or less in 
equal ratios. Hence, the chance of having a female is about 50%. If we can separate the 
X from the Y sperms, we can then produce the sex we want based on production 
requirements. For example, beef cattle producers will want male calves whereas dairy 
producers will want female calves. 

Since the 1960s when artificial insemination was invented and the 1970s when embryo 
transfer was made possible, many researchers have started investigational work on sperm 
sorting and determination of the sex of embryos. The work done on sperm separation is 
based on differences between the X and Y sperms, such as weight, electric charge on the 
surface, pH, and other methods. However, these methods did not succeed mainly 
because of the lack of differences between X and Y sperms in the above properties and 
the harm made to the sperms during the separation process. No successful progress was 
made till the 1990s. 

Contents of the Invention 

The invention uses the difference between the DNA content of X and the Y sperm as the 
basis for separation using cytometry. The accuracy rate is above 90%. The survival rate 
of the sperms during artificial insemination is 50% which has reached the production 
standard. The accuracy of determining the sex of the embryo is 100%. 

The invention is made of the following steps: 

1) Sperm separation and freezing preservation: 

e) Obtain 1 ml of fresh sperm from livestock. 

f) Use phosphoric acid buffer PBS-0.05% PVP centrifuge, 2000 rotations for 5 
minutes and wash twice. 

g) Use above mentioned buffer to adjust density to 100xl06/ml, then put the fluid in 
a cell separation equipment, using 3000 sperms/sec speed to commence 
separation. Upon collection of the separated X and Y sperms, approximately 2- 
2.5M sperms are put into each 0.25 ml straw which are then frozen. The straws 
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are frozen in liquid nitrogen. 1 ml of fresh ejaculate can produce 10-15 straws 
each of X and Y sperms, 
h) To produce the sexed embryos, use the separated sperms and 200 ova to undergo 
in vivo fertilization to produce 25-30 sexed embryos of A-B quality, the embryos 
are then frozen for embryo transplant. 

2) Identification of gender of sexed embryos 

e) Use the above mentioned embryos. 

f) Cut/slice open the embryo cell, obtain the thawed embryo, using the phosphoric 
acid buffer, add 0.25% protease for 2-3 minutes to soften the transparent cover of 
the embryo, followed by 0.3% of blood serum protein solution, handling 20-40 
embryos each time. 

g) Under the microscope, use metal or glass blade to cut off 10-15 embryo 
nutrition/nourishment cells and assign parallel serial numbers to the cells that 
were cut off, the main section of the embryo and the "internal" embryo cells. Put 
the main section of the embryo into a preserving liquid TCM1 19-10%FBS and 
maintain it in a CO2 unit for 2-4 hrs. 

h) Using a in vitro DNA PCR technique to determine gender, put sliced embryo cells 
into a 10 "pure" water micro liter container, rinsing very quickly in water 3 times, 
handling it in a 100 deg. C bath for 10 minutes. Put 1 micro liter into the PCR, 
using BOV97 as male probe, using a-milk protein as female specimen probe as 
the composition of PCR responding liquid; 200 micro units of nucleic acid, 40 
micro units each of male and female specimen probe plate, with 1.25 international 
units of DNA polymerization, using water to adjust PCR buffer to 50 micro liters. 

PCR operating conditions are: 95 deg. C for 1 min., 55 deg. C for 2 min. and 72 
deg. C for 3 min., repeat above method 40 times. The sample is then subjected to 
3% "sugar liquid" and electrical pulse for 20 min. The male embryo will have 
157bp and 109bp twin zones (peaks) and the female as only 109bp zone. The no 
zone samples are errors to be discarded. 

The basis for the sperm separation, embryo sex identification is the fluorescent 
dye Hoechst 33342. 

The invention has the following advantages: 

d) Accuracy of sex separation of 90%. 

e) Sperm motility (vigor) is >50% 

f) Accuracy of sex determination technique is 100%. 



Accompanying the description of the patent are the following diagrams: 

Diagram 1 (page 10 of the original document): Flow Diagram of the Methodology 
This is basically a flow chart of the various steps in the sperm separation process, 
freezing method and identification of the sex of the embryo via the PCR method. 

Diagram 2 (page 11): Diagrams of PCR method used to identify the sex of the embryo. 

Diagram 3 (page 12): Results of the invention after the PCR method. 

The next 2 pages is the same description of the methodology again 

An analysis and determination of the accuracy of the results of the experiment was 
conducted. 

1. Accuracy of Sperm Separation 
Sample size of experiment: 2,000 sperms 

X sperm sample (fluorescent light) X sperms 93.6% Y sperms 6.4% 

Y sperm sample (fluorescent light) Y sperms 81.8% X sperms 18.2% 

2. Embryos Produced Using the Sexed Semen 

Y sperm samples: 10 

Males 8/ Females 2 Accuracy 80% 

3. Production of Sexed Embryos and Determination of Sex (Using PCR Method) 

Y sperm sample: In vivo fertilization produced 197 embryos of which 62 were 

fertilized (26.3%), 86% male 

Y sperm sample: In vivo fertilization produced 235 embryos of which 79 were 

fertilized (36.6%), 91% male 

4. Accuracy of the PCR Method 

46 sexed embryos were used in the experiment of which 24 (52.1%) were male. The 
embryos were transferred to donor cows (conception rates 62.5%). 1 5 calves were born 
of which all were male (100%). 
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(1) n^iwwtafcfiiffi 

ft&&*2&, 2000 *, 5 m ^^iM^iiiMm 

100X10 6 ^/S^, 4«3t§r^$*7«J 10-15 «-±ifc* 

b, &mm*mu io itib^&fcft&fti. 4 37° c khmtf 
dna 30 m mmmmmttm pbs-o. 05%pvp 2 

2000 5^5 

c, mifte^^jg^Miooxio 6 ^/*^, $^A«*fflj&# 

ttttrt, «W 3000 +m?#ij&£j&1r ft*, MJSIKix*^ 

Y ft^HIte, 8cJS$$ 250-500 tf'Ml^tt&ft, 0. 25 % 

»lf, fttf^fcfliftrt, l 

St^Ji^WB W X Y «HP ft*$Jfttt& 10-15 £, 

««fi l fW1'WWl«*, 25-30 ^ftftSiJ&ftJtf] A-B 

(2) JKJtettSUJKfe.- 

0.25%6tlic&ll4 l ^a2-3^, ^JftWaMflffctfi. $J5^A#T 

0.3%ftiflUlt£&tttt<f'. 9K*baifflftft 20-40 

j& 10-15 >n mti$»#jbm±^#, # 
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U m £ * # 3?2/2£ 



dna pcr amornflWHfit^ 

n^KMMt a**a io msmm pcr 
**vtmmm 3 m loorfitaw&tta io 1 

**H&ffPCRflK. &BOV97M Ho-MtSBSBtt 
&**Ht#ASEfh 

PCR 200 ttJ&M^ttft* * 40 

ISf4*I«tt#fi.fiJft-«l«, 1.25 BHMfcM DNA K*ft, PCR«+ 

ffitt*tt£tt**£50«t#; 

PCR 95X2 l#flu55t: 2#f»K 12V 3# 

±«*#XJE 40 

PCR j^#AM:ft^J5tt4MWAH 3%lfc#fl!§*tfeJ* 20 
JUT 157bp,109trp 5K#ttEJfc3jJi&, 109bp ff ttJEIft* 
*& »W#W*#A*^««#3fe. 

33342. 
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f>ftmfeft«-£ 50M. WsfclB^ikM**, fpMMMSXM? 
aft, £9. «MfB«£rVMH». fcWnM** ftKfeft ph « 

imi«»i«A!^ill»]|ttM)M*)Si 90%, GUIS* 
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itt m U ^2/6^ 



fc^WllfiFJfrfc* 50%, J&^JT/^Mtffl*^; & Y t8?ttm£ DNA 

(1) ff^#lW*#tt# 
PBS-0.05%PVP, Jf<&ffi*2&. 2000 5 &J§ffij?r&tttt 

10-15 «^±^I&«W##I«*. 

B, ftHftiWla 10 ttMmWfeftM. « 37'Clfl&#T 
DNA&fe30##, ^ISIIIS^ PBS-0.05%PVP, ft«ft& 2 

2000 $f, 5 4Hh 

c> m^fftyt^jtwsiooxio 6 ^/*?!-, a^ssAmssaufta 

IP Y ffTtfcBftff . 250-500 «A 0.25 

10-15 £ ; 

D, £7*1M&ttKl&. «&MttM?6M|£ 200 ^W^tt 

ro*?* 25-30 +^tta&iiti a-b 9 

flJEEM (ME). ffifEMilti 

(2)> jEttftftUfeSi 

a> Bi«mw»ffi»*±i 

0.2tttttft&l»<f*AI:9 2-3 ft*, ttKtt«HI«tt*ifc. &Js#A#t 
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mmmm^mrmshmmmm 10-15 >n 

Mlfcftm TCM199-10%FBS * , £ C0 2 ^#^^^S 2-4 'btt; 

d, dna pcr &xt®TMmmmf 

I 5 *, *»ptfcitflm 3 & ioo*c&?i;*c*&&3S io #1*, i 

fltfHBff PCR JstjSt, BOV97M (157bp, -#&&4=lft Y 
flMWttHHWM-) *ittfe**h &a-SU*g&g@#& (I09bp) 

pcr sLmamokt 200 «j*«mmik9k. & 40 &mm 
m&mm&&&imim> 1.25 si^^&w dna m^mc i.25i u Taq 
*<£#x pcr^##, mm*m&mmnmsoiitft; 

PCR&j£lft&#: 95*C 1#*K551C 2 72*C 3# 

pcr &jmm&.KmBm+w&, u 3%mm%% 

20 aw i57bp,io9b P 55i^e<iffifl&A*6tt, rw io9b P wmmffe 

mm pcr ttttsttx. wwii3e)*jfiK»wtt»j, 
AfcSBr^mi^ff . sttAmamm*i»A 100%. 

ffiUBH^fcftffl* Hoechst 33342. 
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PBS-0.05%PVP, ft>ft&2K. 2000 $£, 5##, *U5/BJffi*M« 

10-15 «n-±iMftAMllMI«i 

B, ^It^^lHJlOajJiyW-^lft^^Hoe^ 33342, 
* 37T?W£#T DNA 30 #4*, ^J5#0S8g#$ 

PBS4).05%PVP fc<l>ifcifc 2 2000 $£, 5 

c, m»f«iHf^*«iiMiooxio 6 >h/a^, mm&xxamm 

121 Wff 3000 liHHKMtfatfi^*. SHfJSttx** 
#IEfc# Y tt?M«^m@ttJg. 25<M00 #1*? 

«A 0.25 «7f-*»*#&W, SEJKff«^l£«A^«ff«. 

fiW7*ft«rt » i «ftSrtm#^£j*±&#»j5 m x y 

lfc««fff**SM***. rT^4^ 25-30 fffittittMfi a-b « 
Av KIHfiMMM^naM^i 

B> ; sammm: *mm&tomB&fii&itimm*#miia 
025%mmtm+ikm 2-3 

mmwmwto o.3%^»«a***p, ^r^sjk^ 20-40 
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c. smutf, fflzj^M i5° ft, mi&®m*?mto&mm 

TCM199*10%FBS * , £ C0 2 ##*&*«H 2-4 

d, dna pcr tettwrmmsmff® , 

*+. **ft&flfifc 3 ft, H lOOiCMTkfc&S 10 m I 
**H8frPCR&fii j^BOV97M (157bp, -fWttt^WY^fif* 
AWWMHIHWK-) *«tt*«-. eia4L«l«a«H^a (I09bp) 
*tttt*A*th 

PCR 200 *40ftJ*ftft 

PCR&j£Sfcfc#: 95TC 55TC 2#*K 72^ 3# 

pcr j^#A4tt:ttjujgftrit+#a. b 3xnsm4ij( 

20 3Ht, ^Wl57bpJ09bp^«|ffill&A«ltt, < RW]09bp^WJKJ9& 

fta^rwaftftfi 1 .. ffMMttsyMmmA 100%. 
(i) &*m>toMm& (jraa^aaa) 
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ft W V 3S6/63I 



ttm?&fti 2000 

X (Jg^tt ) X 93.6% Y m=f- 6.4% 

YtfRFftft <38£*> 81.8% XlT? 18.2% 

(2) fUffl^llM^SIlkn^ttttlE <M»cg**®Jte) 

Y A 10 * m& 8 jUKft 2 * 80.0% 

(3) ftMIHIKIM&^fttt (PCRiSttS) 

Y fMKKM&M? 187 m\ A-B UK 62 * 

(26.3%), £4 ) #ttJfcJi&£ 86% 

x ifif^fBt #*£fflKM? 235 m a-b mm 79 + 

(36.6%), £*l|tt&fl&£91% 

JttUHMt46+. 24 >K52.1%), 3&SKK#tt€ 

rm&m 15 62.5%): Ittt 15 100%), Utt 0 *(0%). 
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3, PCR Jtt&Eft&W 
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